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INTRODUCTION. 


The food official and the food packer often ask, ‘What is the 
Variation in weight of package foods?’’ The answer might be 
simple when only a particular product packed at a particular factory 
is considered, but the complex manipulations in packing and the range 
of supervision employed at different factories make any answer sub- 
ject to qualifications when applied to an entire industry such as the 
packing of spices, coffee, sugar, rice, and similar free-flowing sub- 
stances. The establishments which pack these products, however, 
have some methods of manipulation in common, which, when given 
reasonably adequate supervision, result in a fairly definite range of 
variation in weight. It is recognized that an answer might be ob- 
tained by different methods, but the steps by which an answer has 
been reached in this bulletin are (1) selecting specifications for a 
methed of weighing to represent good commercial practice in pack- 
aging granular, free-flowing products, (2) calculating the maximum 
errors expected from these specifications, and (3) showing that the 
calculated errors approximate the variations in weight found by the 
commercial application of the specified method. 

In accordance with the phraseology of the theory of errors which 
has been employed in the calculations, variations from the intended 
weight are called ‘‘errors.”’ 





1 Acknowledgment is made to J. C. Munch, of the Bureau of Chemistry, for assistance in the collection 
and compilation of the data, and to the various members of the field force of the Bureau of Chemistry who 
assisted in the collection of information from varicus factories. 


425°—20—Bull. 897——1 


2 BULLETIN 897, U. S. DEPARTMENT OF AGRICULTURE. 
METHODS OF WEIGHING. | 


From information obtained from 126 factories located in 21 
different States, it was found that the methods of weighing fall 
fairly well into the following five general classes: 

A. Hand weighed: 

1. Contents of each package weighed net before being packaged. 
2. Each package tare weighed, filled, and adjusted to the proper gross weight. 

B. Machine weighed: 

1. Contents of each package weighed net before being packaged. 

2. Average tare assumed, package filled, and adjusted to the proper gross 
weight. 

3. Weight of contents estimated by the size of each container. 

Of the weighing methods found for packages exceeding 5 pounds, 95 
per cent were hand weighed (A), and of these 88 per cent were gross 
and tare weighed (A2). Its exceptional prevalence and correctness 
of principle recommend this method (A2) as representative of good 
commercial practice for packages of these sizes. 

For packages of 5 pounds and under about half were hand weighed 
(A) and about half machine weighed (B). Of the hand weighed 
about half were weighed net (Al), and about half gross and tare 
(A2), but of the machine weighed, about 95 per cent were weighed 
net (B1). The importance of hand weighing is emphasized by its 
applicability to all types of products, its equal prevalence, and its 
priority in the field. The importance of hand weighing net (A1) is 
emphasized by its equal prevalence, its correctness of principle, and 
by the fact that no new machinery is required for its adoption. Its 
importance recommends hand weighing net (A1) as a representative 
method of good commercial practice on sizes of 5 pounds and below. 


GOOD COMMERCIAL PRACTICE OF HAND WEIGHING. 


Supplemental investigations showed that unwarranted variations 
occur in hand-weighed packages because of indifference to the type, 
capacity, repair, and manipulation of scales. Observations were 
made on all the scales in use at each of the 126 factories inspected. 

For packages of 5 pounds and below, even arm balances with no 
beam were found in 41 per cent of the instances. Even arm balances 
carrying a 1-pound beam and graduated to one-fourth ounce were 
found in 37 per cent of the instances. The relative prevalence and 
adaptability to the packer’s needs of the beam scale favor its selec- 
tion as a type to represent good commercial practice for these sizes. 

For packages of 25 pounds and over, a platform scale with a 
50-pound beam graduated to one-fourth pound was found m about 
50 per cent of the instances. The relative prevalence and commer- 
cial adaptability of this scale favor its selection as a type to represent 
good commercial practice for these sizes. 
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In 68 per cent of all the instances observed, the scales were used 
at 20 per cent or more of their capacity. For packages of below 25 
pounds such a capacity is quite adaptable and commercially avail- 
able, but for those of larger size a 400- to 600-pound scale is much 
more suitable to the packer’s general needs and more available on 
the market. Practicability and prevalence of the practices favor 
the selection of 20 per cent of the capacity on smaller sizes and 10 
per cent for the larger sizes as the minimum weight which may be 
weighed on scales to represent good commercial practice. Tare 
weights are usually made on the same scale as the gross weights. 

Adoption of tolerances on scales by the Bureau of Standards and 
the Annual Conferences of Weights and Measures Officials t favors 
the selection of these tolerances as a control on the condition of 
scales to represent good commercial practice. _ 

Inability to determine an exact balance and to set the poise 
exactly on a graduation are the principal errors in manipulating 
scales. In a supplemental experiment an inspector and two com- 
mercial packers weighed the same 50 packages under commercial 
conditions on a scale having a known sensibility reciprocal (weight 
required to move scale beam from exact balance to the limit of its 
motion). Only 9 of the 150 weights were in error by more than one- 
fifth of the sensibility reciprocal. The error in the manipulation of a 
scale in good condition is limited to the total sensibility reciprocal. 
No apparent hardship, therefore, would be exacted of the packer if 
one-half of the sensibility reciprocal were selected to represent good 
commercial practice as to this manipulation. 

Since the poise is commonly set with greater care than is used in 
estimating the equilibrium, and since the operation is very simple 
(setting a point on the poise to meet a line on the beam), no apparent 
hardship would be exacted of the packer if one-fourth of a minimum 
graduation were selected as the limit of error to represent good com- 
mercial practice in this manipulation. 

Accordingly, the following specifications have been selected to 
represent good commercial practice in packaging granular free- 
flowing products, such as tea, coffee, spices, etc.: 

1. That packages of 5 pounds and below be weighed net; larger packages may be 

weighed gross and tare. 

2. That the following types of scales be used— 

For packages of 5 pounds and below: Even arm balance, 1-pound beam, one- 
fourth ounce graduation. 

For packages of over 5 and under 25 pounds: Even arm balance, 2-pound beam, 
one-fourth ounce graduation. . 


For packages of 25 pounds and over: Platform scale, 50-pound beam, one- 
fourth pound graduation. 





1U.8. Dept. Commerce, Bur. Standards Circ. 61. 
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3. That scales meet the tolerances prescribed in Bureau of Standards Circular 61 
and be used at 20 per cent or more of their capacity for packages of less than 
25 pounds, and at 10 per cent or more of their capacity for larger packages. 
Tare weights may be made on the same scale as the gross weights. 

4, That the exact balance be estimated to within one-half of the sensibility reciprocal 
of the scale, and the poise be set to within one-fourth of the minimum gradua- 
tion on the beam. 


These specifications are drawn up in this form for the particular 


purpose of having something specific on which to base calculations. 
The study of factories has shown them to be in general use. ” 


CALCULATED MAXIMUM ERRORS OF GOOD COMMERCIAL PRACTICE. 


The calculation of the maximum errors of good commercial 
practice is based on the law of propagation of errors, the Bureau of 
Standards tolerances on scales, and the specifications of good com- 
mercial practice. 

The law of propagation of errors, as found in standard text books ! 
on the methods of least squares, is— 








B= 4] (a)?+ 6)? + (0)? + @? 


where (a), (b), (ec), and (d) are constituent errors which combine to 
form the resultant error /, all errors having the same probability of 
occurrence and the same chance of being plus or minus. 

The Bureau of Standards tolerances on scales, as found in Circular 
61 of that Bureau, are given in Tables 1, 2, 3, and 4. A general 
attempt is being made by weights and measures officials to eliminate 
all scales which fail to meet these tolerances, thereby leaving in 
general use scales which do meet them. 

The specifications of good commercial practice (p. 3) designate the 
figures to be selected from the tolerance tables (constituent errors), 
which in turn are combined according to the law of propagation of 
errors to give the resultant calculated maximum error. This calcu- 
lated maximum error will have the same probability of occurrence as 
the constituent errors. It is scarcely conceivable that all the various 
tolerances have the same probability of occurrence, but their long use 
by weights and measures officials for the purpose of condemning 
scales makes them a stable basis of a limiting probability. Other 
figures, such as one-fourth of a minimum graduation, used in deter- 
mining constituent errors, are assumed to have probabilities of occur- 
rence about equivalent to the tolerance figures. No attempt has 
been made to weight the constituent errors in order to correct for 
their unequal probabilities. The calculated maximum error, there- 


1 Merriman, Mansfield. A Text-Book on the Method of Least Squares, 8th ed. New York, 1913. 
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TABLE 1.—Tolerances allowable on counter scales (even arm and other types).! 














Tolerance Tolerance 

on parts on parts 

requiring | Tolerance requiring | ‘Tolerance 
ead senor \icenting ||) eed | ene, | iesding 

removable face. removable face 

weights. weights. 

Pounds Ounce. Ounce. Pounds Ounces. Ounces. 
1 qs 16 40 16 s 
? : 5, 20 : : 
5 4g 18 75 3 1 
: ; AS 18 ie i 
ee Pelee 4 
15 as : 240 24 4 
16 ay 2 250 23 a 
20 a 4 300 a 44 
24 3 4 350 34 5 
25 2 4 400 4 6 
30 a 4 


TaBLe 2.—Mazximum sensibility reciprocal al- 
lowable on counter scales (even arm and other 























types). 
Maximum aera re 
c sensibilit : sensibility 
Capacity. SAGIDEOCAT Capacity. reciprocal 
allowable.? allowable.? 
Pounds. Ounce. Pounds Ounces. 
1 4 24 1 
2 3 25 1 
4 4 30 1 
5 4 40 14 
6 4 - 50 14 
8 4 60 14 
10 4 75 2 
12 4 90 24 
15 3 100 3 
20 3 











TaBLE 3.—Tolerances allowable 
on platform scales used indoors.} 











Tolerance, Class A.3 
Load. 
On ratio.|On beam. 
Pounds. | Ounces. | Ounces. 
are 5() 4 1 
100 1 2 
200 2 4 
240 3 6 
300 3 6 
400 4 8 
500 5 10 
600 6 12 
Pounds 
800 8 1 
1, 000 8 1 
1; 200 10 14 





TaBLE 4.— Tolerances allowable on all counterpoise weights (avoirdupois system).! 

















poletances counterpolse 
weights for multiplying- 
Toler- lever scales. 
ence, 
Weight. ramary 
e weights : Ratio Ratio 
(ratio | Ratio |199-1 and| 1,000:1 
1:1). _|less than less than| and 
00:1. | 1 000:1. | over. 
Pounds.| Grains. | Grains. | Grains. | Grains 
50 100.0 60.0 40.0 20.0 
25 60.0 26.0 24.0 12.0 
20 60.0 36.0 24.0 12.0 
15 40.0 24.0 16.0 8.0 
10 40.0 24.0 16.0 8.0 
8 30.0 18.0 12.0 6.0 
5 30.0 18.0 12.0 6.0 
4 20.0 12.0 8.0 4.0 
3 20.0 12.0 8.0 4.0 
2 15.0 9.0 6.0 3.0 
1 10.0 6.0 4.0 2.0 
| 








Tolerance, counterpoise 
weights for multiplying- 














Toler- lever scales. 
anes, 
Weight. |O}Cimary 
weights . | Ratio | Ratio 
(ratio Ratio 100:1 and! 1.000:1 
1:1). |less than Tees a Fal 
as 1,000:1. | over 
Ounces. | Grains. | Grains. | Grains. | Grains. 
10 10.0 6.0 4.0 2.0 
8 5.0 3.0 2.0 1.0 
5 5.0 3.0 2.0 1.0 
4 5.0 3.0 2.0 1.0 
2 3.0 1.8 New .6 
i 2.0 1.2 8 A 
4 2.0 1.2 8 4 
1 10 6 4 2 
4 5 iB 59} sil 
om 5 a3 ® sil 
35 .5 .3 o2 ol: 
ge 59} 5} 08 04 





1 These tolerances are taken from U. 8. Dept. Commerce, Bur. Standards Cire. 61. 
2 Two minimum graduations shall be the tolerance on the sensibility reciprocal if such value is less than 


that given here. 


3 The sensibility reciprocal allowable is two minimum graduations of the scale in question. 
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fore, is defined for the purpose of this bulletin as that error in the 
weight of the finished package which has approximately the same 
probability of occurrence as each of the constituent errors. 

As illustrations of the method of calculation, two examples, one of 
net weighing (3-pound packages) and one of gross and tare weighing 
(75-pound packages), are worked out in detail. The results on pack- 
ages of other sizes are given in Tables 5 and 6. Such combinations 
of constituent errors as will result in the maximum error have been 
chosen. 

3-POUND PACKAGES. 

The specifications of good commercial practice require that a 
3-pound package shall be weighed net on an even-arm scale of not 
more than 15 pounds capacity and carrying a 1-pound beam gradu- 
ated to one-fourth ounce, and that the poise of this scale shall be set 
to within one-fourth of a minimum graduation, and that no error 
ereater than one-half of the sensibility reciprocal be made in estimat- 
ing the exact balance. Then the maximum constituent errors intro- 
duced, as read from the tolerance tables and specifications, are: 


a. “‘On parts requiring the employment of removable 


weichts’ (Cok 2, abled) for 2)pounds*:4---25----- zs or 0.062 ounce. 
b. ‘On beam or reading face” (Col. 3, Table 1) for 1 

pound 3.22 ate. Sy oe Rise Sage ties ei aay bee zs or 0.062 ounce. 
c. Counterpoise weights times ratio of scale, 2 pounds 

times ((Labled) a. ck een eet ee eee 15 grains or 0.034 ounce. 
d. One-fourth of a minimum graduation (4 of + ounce)... zs or 0.062 ounce. 
e. One-half of the sensibility reciprocal (Table 2) for 15 

pounds-G of ounce) = 22 eee a ae ae eee + or 0.250 ounce. 


For all practical purposes errors a, 6, c, and d have approximately 
the same probability of occurrence, which is quite small, since they 
are the maximum tolerances allowable, and may be either plus 
or minus in any particular scale. Consequently, the law of pro- 
pagation of errors may be applied, and v (a)? + (6)? + (ce)? + @)? rep-_ 
resents the calculated maximum constant error introduced into every 
package by a scale, the error of which is just within the tolerance 
after the most inaccurate attempt permitted has been made to set it 
on the proper graduation. = 

Error e is variable for every package, and is directly additive to the 
calculated maximum constant error. Then the calculated maximum 
error on any single package will be— 

(0.062)? + (0.062)? + (0.034)? + (0.062)? + (0.250) or 0.363 ounce. 

According to the laws of errors the error on the average of a 
Variable Error 

vn 
nis the number selected. In this case the resulting error has the same 
probability of occurrence as the variable error. Error é is the maxi- 


random selection from a total distribution is » where 
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mum variable error allowable by the specifications. The value se- 
lected for 7 is 50, since an average shipment usually contains at least 
50 packages, and experience has shown that 50 is a sufficiently repre- 
sentative sample. 

_ Then the calculated maximum error on the average weight of a 
representative sample of 3-pound packages is— 


= 02250 
+ (0.062)? + (0.062)? + (0.034)? + (0.062)?+ 508 or 0.148 ounce. 


75-POUND PACKAGES. 

The specifications of good commercial practice require that a 75- 
pound package shall be weighed gross and tare on a platform scale 
of not more than 750 pounds capacity, carrying a 50-pound beam 
eraduated to one-fourth pound, and that the poise of this scale be set 

to within one-fourth of a minimum graduation, and that no error 
ereater than one-half the sensibility reciprocal be made in estimating 
the exact balance. 

Then the maximum constituent errors as read from the tolerance 
tables and specifications are: 


Constant errors introduced into every package: 








On tares (assumed to be 15 pounds)— Ounces. 
Crm OTAGO ee A eps ic Mies Raed cs ares a clare Be es age eo 0.00 
be Onebeam:, (Col. 3. Lable:3) tor 50> poundsior less... -22...-2-6-+..2--5 == 1.00 
e= Counterpoise weiehts times ratio of scale... -.... 2... 52... ee-:--- 2+: . 00 

On gross (net plus tare: 75 + 15, or 90 pounds)— 

@-uOinerationCol-24 hable:3) tor 50) pounds sa.2-. --.-6-sicis'e cee ee ss 22a 2 oe . 50 
er Onepeamn Colas. lables stor50 pounds or-less 722... 5.) 2. ecae52 5 +s 1.00 
jf. Counterpoise weights times ratio of scale (Col. 3, Table 4) for 50-pound 
counterpoise, which is an 8-ounce weight on a ratio of 100:1, or 3 grains 
FUMES LOR: ok soe SE RN Mapa le oe Ret Pepe oe a ee ee aes . 69 
Variable errors due to the manipulation of the scale: 
On tares— 


g. Since the weight of the tare can not be changed, it will be weighed to the 
nearest graduation of the scale, and the reading may bein error by one- 





half the minimum graduation (4 of 4 ounces).......--.-..------------ 2.00 
h. One-half of the sensibility reciprocal (one-halfof twice the minimum gradu- 
ariongebablers).)i(> Ol SO OUNCES) 222. 055. cu ede oss occa ce sees eae ae 4.00 
On gross— 
z. One-fourth of a minimum graduation for setting of poise.........-......- 1.00 
k. One-half of the sensibility reciprocal (Table 3) (4 of 8 ounces)..........- 4.00 


The constituent constant errors and the constituent variable*errors 
will each combine according to the law of propagation of errors as in 
the case of 3-pound packages, and the calculated maximum error on 

— wy single package will be given by the direct sum of the two results, 
that is— 


V (a)? + (6)? + (©)? + @? + ©? 4+ FP + VQ? + (h)? + @? + EP 





or 
(0.00)? + (1.00)? + (0.00)? + (.50)? + (1.00)? + (.69)2 + 
+/ (2.00)? + (4.00)? + (1.00)? + (4.00)2, 
which is 7.73 ounces. 
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Since an average shipment contains only 1 package, it would be . 
difficult to select 50 in actual practice. Hence, 10 is used as arepre- 
sentative sample. Then the calculated maximum error on the. 


average weight of a representative sample is— 


4/(0.00)? + (1.00)? + (0.00)?-+ (.50)? + (1.00)?+ (.69)2+ 


+ (2.00)? + (4.00)? + (1.00)? + (4.00)? 


vid 
or 3.57 ounces. 

The same general scheme of calculation has been followed in 
Tables 5 and 6. The average number of packages per shipment was 
determined by inquiry at a large number of factories and inserted 
in round numbers. Any departure from the rules laid down are 
explained in the footnotes of the tables. 


EXPERIMENTS ON GOOD. COMMERCIAL PRACTICE METHODS. 


In order to try out the specified method of packing, a series of 
experiments was conducted in several factories. The method of 
packing was outlined to the packer, unless he was using it already, 
and care was exercised to see that all details were complied with and 
that a commercial speed was maintained. When everything was in 
good working order and the actual aim of the packer as to the weight 
he intended to put in the package had been determined, 50 packages 
were put up by him, after which they were carefully reweighed on an 
accurate scale to determine the actual variations. The results of 
these experiments are given in Table 7. 

Column 6 shows that some results are plus and some minus, that 
the averages of the various groups are near 0, and that more results 
are near their group averages than are far away from them. Prac- 
tically the same conditions govern normal frequency distributions; 
that is, if an infinite number of results are taken when the desired 
average minus aim is 0, the number of pluses and minuses will be 
approximately the same, the average will be 0, and comparatively 
few results will be far from 0. Then the groups are random selec- 
tions from normal frequency distributions, the precision measures of 
which are the figures under the designation, ‘‘ Average deviation from 
0 average minus aim,” given in the last column of the table. For pur- 
poses of comparison the practical limit of distribution of each group 
is considered to be the figure for the corresponding size given in the 
last column of Table 5 and of Table 6, headed ‘‘Calculated maximum 
error on the average of a representative sample.” 

It has been found that the weights of single packages taken from a 
single factory at one time follow a normal frequency distribution. 
The precision measure of each distribution of single packages from 
their averages is given by the figures in the last column of Table 7, 
‘Average deviation of single packages from average.’”’ For the sake 
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of comparison, the practical limit of each of these distributions is 


considered to be the corresponding figure in the next to the last 
column of Table 5 and of Table 6, ‘Calculated maximum error on a 
single package.” 


TABLE 7.—Observed variations of good commercial practice. 


























a eoee 
Average eviation 
. Declared . Average F of single 

Experiment No. Product. weight. Aim.! founds ae packages 

from 

average. 

Ounces. | Ounces. | Ounces. | Ounces. | Ounces. 
STS ue) Ae i le ee oe Cayenne pepper-..-. 0. 75 0. 78 0.76 | —0.02 0. 050 
BO DID Soe ae arse arash sicvsis Hie ee UGE S Soneee Beep ae sae 1.33 1.40 1. 40 -00 - 031 
CU Ca site BOE Se eee ees eee = do Sceavbososeou6 1.33 1.35 1.37 02 - 042 
SIDS re eis ore Pe cicge acta ce Se aiain'sre Gin Sei asso ease 2.00 2. 03 2.05 02 - 025 
SOUG eee ei- sce eens see coe Greekjsagesnecs see 2.00 2.02 2. 04 . 02 - 024 
SO0f a sie. {ssc en = se ese es Ground mustard.... 2.00 2.05 2.04} — .01 015 
SUE. eSocosscesoseessoepacopeec Ginger eoccssoac-ne- 2.00 2.04 2.03 — .01 - 025 
Averages of approximately 2-ounce packagés. .............----------.---------- - 003 . 030 
AV CEAPOeVIA ONUROMN average mnINUS AlNIs = \seces sone Dees nee oo non dee aceee eens 014 
SOUOSae ae soe es sce oen tec e. Pickling spice....... 3. 50 3.55 3.56 01 -031 
Sosa ae Seeian he ot sce eeewaraiee Cinnamon........... 4.00 4.05 4.12 07 -018 
4 Bee arses ciate aa Staats we Ginger sess sos oe 4.00 4.07 4.09 02 - 026 
sc] Oy is i Bee a eae ene S Cinnamon’ o5.5-e5 4.00 4.05 4.08 03 017 
Averages of approximately 4-ounce packages. ...........22-000see-- ee eee eee eee - 032 - 023 
AVEFASe COVIAtON ONO AVELALE MINUS AN: «cos ace sese ceo nsec snaccens das sametaesees = - 032 
SSS Qieepaoaeee eae ae eee Dessert powder ..... 7.00 7.05 7.08 03 - 027 
Sa 6 BacsuaGeee senses ee eee eaemee doh aes 8s 7.00 7.03 7. 20 2.17 . 061 
Gall Grae eee meee ee eee se OOe wast cesece ss 7.00 Ce Ee = eal 02 - 052 
2259) Dp a CRE e Rae eee Gound nutmeg..... 8.00 10. 70 10. 72 -02 . 027 
Averages of approximately 8-ounce packages. .......-.....------------.+2+--+-- - 023 . 042 
FAVeraco devintlonirom OlaVverage MINUS ALM. 5. s.5-2< sae o oe = saone cc ucasgcuccs cemeees . 023 
CO. on SSSR aE e See eee ee Pulverized coffee. -.. 1lb. 16. 07 16. 07 -00 . 024 
OSA eee oe eine sete eee es See RIG EROS Seen 1lb. 16. 02 16.10 08 031 
SUCH ec ese rea eS UI COP OMI ee 1 1b. 16.04 16.07 03 064 
Roe aera e cesBoee ese sess k Coleen cae sane 1Ib. 16.00 16.02 02 036 
Averages of 1-pound packages .......-.----.---- a Si ee ice Parnes - 032 - 039 
Average deviation from 0 average minus aim .............-.---.--..-------20- Boscoceecte - 032 
She sees seeecs sc. sSae-5s Colter sex conc scck | 3 Ibs 59. 16 | 59. 28 | 12 094 
AMEFAPOGG MAHON LOM: AVEFAse MINUS AlN... cas c~ series secs 5 oec case se cesenicemen deer - 120 
Uy ie Oe SE ee ee Ground cloves......- 5 Ibs. 79. 55 79. 55 -00 . 120 
A. es a a Ae ee Baking powder.....-. 5 Ibs. 89. 46 89.45} — .O1 218 
AV eTAMESEOMO-DOUNG. PAackAGeSs <0 asec cs scons cedinc wince sees eccuss i AE As — .005 . 169 
AVCTALOCS VIAhION ILO: Ola VErAseuMINUS ‘ALM. Sac cisnn cieeiseeleisid = cialis oe Sn ee eis clase sieeinee - 005 
SU Yay AS 58 ie ee ae ee a | Reppebe ses ua eee | 50 lbs. | 800.00 | 799. 30 | — 540 400 
AVEeravOGeviation irom 0 average MINUS aiMs Mss. sce cesid- soc ose e neces enase ces 70 


1 The operators were giving a slight overweight, the amount of which was estimated by observing the 
method of weighing and the sensibility reciprocal ofthe scale. Addition of this amount to the reading of 
the scale gave the aim. 

2 This operator persisted in giving excessive down weight, contrary to instructions. His results are 
not included in the average. 

3 This set was weighed with exceptional care by the packer, but all other conditions were commercial. 


COMPARISON OF CALCULATED RESULTS WITH OBSERVED RESULTS. 


Although the theory of probability provides for errors of infinite 
magnitude from the average of a normal distribution, in practice 
their magnitude is limited. The limitations may be measured by 
the calculated chances of occurrence of the maximum error. A 
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study of 736 normal frequency distributions made by commercial 
packers on the weight of tea, coffee, cocoa, spices, butter, cheese, 
condensed milk, starch, flour, and various other food products, 50 
observations being made on each distribution, showed that the most 
frequent chance of occurrence of the maximum error was 1 in 60; 
the average, 1 in 198; and that 80 per cent were | in 1,000 or less. 
Many of those greater than 1 in 1,000 were due to avoidable causes, 
such as inaccurate reweighing, and occasional slips of the packer. 


The probability of occurrence of errors within a certain limit is 


found by the formula f =— , where fis a factor whose probability value 


is found from a table of probability integrals,’ x is the limiting error 
whose probability is desired, and r is the probable error of a single 
observation of the distribution. The complement of the equivalent 
of f gives the probability that errors greater than x will occur, and the 
resulting fraction reduced until its numerator is 1 gives the chances 
of their occurrence. 

Tn the case of average weights, x represents the calculated maximum 
error on the average of a representative sample, and r for practical 
purposes is 0.8453 times the average deviation from 0 average minus 
aim, The resulting chances are given in Table 8. 


TABLE 8.—Chance of occurrence of variations greater than the calculated maximum error 
on the average of a representative sample. 











| 
Caleu- 
lated 
maxi- 
mum Average pe Zs Chance of occurrence 
error on deviation ea sree A of variations greater 
Size of package. average from 0 from 0 = _ than calculated 
of a rep- average average uy maximum, based 
nesente minus aim.) snus aim. on observed data. 
sample | 
(z). (7). (7). 
Ozs Oz. Oz. 
2-07 2 Ase eee 0. 097 0.014 0. 012 8.1 1 in more than 10,000. 
AROZ 2 UHR eRe . 097 . 032 . 027 3. DOs utneeGD: 
8207S ee eee . 097 . 023 - 019 5.10 | 1in 1,666 
LID ie ae ee - 106 032 . 027 Sogo ele eel 22 
O-lbEs see eee eens . 148 . 120 . 101 1.46 | lin 3. 
5) ORE Sac eee SRG . 209 . 005 . 004 52.2 | 1inmore than 10,000. 
BO be Sees eee 3. 57 - 70 - 59 6.0 | lin more than 10,000. 





With the exception of 3-pound packages, on which only one set of 
data was obtained, and 4-ounce packages where there is apparently 
a comparatively abnormal result, the chances in the last column of 
the table would indicate that the calculated maximum error will 
seldom if ever occur in actual practice. 

In the case of individual weights, x is the calculated maximum 
error on single packages. Since vis calculated from the aim, r is 0.8453 
times the average deviation from the aim. This average deviation is 


1 Merriman. Loc. cit., p. 221. 
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the combination of the average deviation from 0 average minus aim 
(a) and the average deviation of single packages from the average 
weight (6), according to the law of propagation of errors, that is, 
J (a)?+ (6)?, where (a) and (6) are constituent errors. The resulting 
chances are given in Table 9. 

With the exception of 3-pound and 5-pound packages, on which 
the data are few, the chances in the last column would indicate that 
the calculated maximum error will seldom if ever occur in actual 
practice. 

The averages of the chances given in Tables 8 and 9 are 1 in 4,551 
and 1 in 2,167, respectively, which, compared to 1 in 1,000, indicate 
that if the packer aims to make his packages meet the declared weight 
it is reasonably certain that neither his average nor his individual 
weights will vary from the declared weight by more than the calcu- 
lated maxima. 


TaBLE 9.—Chances of occurrence of variations greater than the calculated maximum error 
on single packages. 


























XS 
Caleu- Average oe 
lated | Average noes BL Chance of occurrence 
maxi- devia- EinaT6 SS of variations greater 
Size of package. mum tion Bae Bs Ge t than calculated 
error on | fromo |? one x 7 maximum, based 
single |average— COED 3 on observed data. 
packages} aim | 97035 eA 
g 3 
(z). (a). (0). (rT). (f). 
Ozs Oz Oz. Oz 
2-OUEiaalelcisieveleseee 0. 150 0. 014 0. 030 028 5.35 | 1 in 3,333 
4-OZicjainicla sieisins wee i - 032 - 023 033 4.55 | lin 476 
S-OZs weiss sieiceis 150 . 023 . 042 041 31065| dina £4 
ll assscaneaaene 213 - 032 - 039 043 4.95 | lin 1,250 
S-lbeestesaee tee 363 . 120 . 094 130 Petr) alatay 0. Alyy 
TAO eS SS anes Nena - 409 - 005 - 169 144 Petes) | lbibal 9 I UfSy 
MM lSesaacsuesose 7. 73 .70 . 40 69 11.2 | lin more than 10,000. 





The fact that the calculated and observed results check as well as 
they do on the sizes on which experimental results were obtained 
justifies a confidence in the calculated figures. In the absence of a 
large amount of carefully taken experimental results, it is believed 
that the figures in the last two columns of Tables 5 and 6, ‘‘Calculated 
maximum error on a single package,” and ‘‘Calculated maximum 
error on the average of a representative sample,’”’ represent a fair 
approximation to the limiting error of good commercial practice as 
outlined in this bulletin when applied to tea, coffee, cocoa, spices, 
and similar granular, free-flowing products. 


HAND WEIGHING VERSUS MACHINE WEIGHING. 


The exceptionally important part which machine weighing plays in 
the development of the package-food industry demands that the pos- 
sibilities of machine weighing be especially considered as a method 
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which might be as effective as the specified good commercial practice 
outlined in this bulletin (p. 3). Of the 449 machines at the 126 
factories inspected a dozen or more makes were found, no one being 
exceptionally prevalent. The relative distribution of the five makes 
most often found was 26, 15, 13, 12, and 11 per cent. The limited 
number of some makes can without doubt be attributed to the rela- 
tively short time they have been on the market. 

The claims made for some of these machines by the manufacturers, 
as taken from their literature, are summarized in Table 10. 

Few machines having a capacity in excess of 5 pounds are listed, 
indicating a predominant demand for the smaller sizes. Table 10 
shows also that nearly all manufacturers have different machines for 
packing different types of products, such as tea, cocoa, and rice. 


TaBLE 10.—Claims made by automatic weighing machine manufacturers. 











Speed. 
! 
Maker Type. Doutes Accuracy. Capacity. Products packed. 
C: Packages per | ¢ 
hour. DO BUr 
lating. 
: Ozs. Lbs . 

1 A 1,500-2,100 | 14......- “90 per cent perfect; 2ito 6 | Rice, coffee, tapioca, Sago, 
100 per cent with- split and whole peas, beans, 
in +s ounce. etc. 

B 5 500-2100) 1202 se ses | eoeee Osis seen 2 to 2 | Tea, pulverized coffee, rolled 
oats, flaked corn, wheat, 
ete. 

C 9002155008620 == eealeeccr COs ease 2 to 1 | Cocoa, powdered — sugar, 
ground spices. 

D 300-1, 200 | Several .| 75 per cent perfect; 2 to 2 | Cocoa and malted food. 

100 per cent with- 
in $ ounce. 

32 A 1,200 | None....| 100 per cent within 10 to 24 | Sugar, coffee, spice, snuff, 
as ounce. cereals, grain, malt, etc. 

B 1. O20: }eeeelscsaclscase Gon tet Seen eee 13-24 Do. 

C OSM ee dOsseas tse CRS aeeeeeos dere 2-5 Do. 

D 720-2, 100 |..-do-- SEO Sonae are 4 to 14 Do. 

E G20=2(00) Bed Oecsealee oe: OKO Sree ty ee 1-5 Do. 

F PE SOO=22 (00s - Soncaue 90, per cent perfect; 1 to 14 | Powdered materials such as 

100 per cent with- cocoa, rolled oats, ete. 
in 7s ounce. 

3 A 1,800 | None....| 100 per cent balanced 0-1 | Coffee, rice, seeds, granulated 
weight. suet; cereals, tapioca, Salt, 

etc. 

B PSSOO! seed Of2ee eae GOns ee ee alee 3-8 Do. 

C 1, 200-2,100 |...do.. SCORE Sue aeetee | Se 4 to 1 | Teaand flaked products. 

D 1 200=25100 ee edoseeeelaeeoe COR es 4 to 3 | Granular products such as 
cocoa. 

E if 200-3 O00R Se dossone|oanee 6 oS Saeeersecsrers 4 to 4 | Drugs, cocoa, meals, spices, 
flours, etc. 

4 A 600-2,100 | Several .| 100 per cent within 8 to 6 | Coffee, rice,sugar, peas,beans, 

ae ounce. tapioca, corn meal, sago, 
hominy, etc. 

B 600=2 1008 peed Ot ceePeeee COP eee eee aoe 1-12 0. 

C eeGdOle sae Average variation, 1-3 | Rolled oats, cereals. 

4 ounces on 100 
pounds. 

D 900 |...do.. Heedot ahha awaee 3-5 | Rolled oats, cereals, etc. 

5) A 600)|22-d0- 2-2. 100 per cent within | 48 Free-flowing materials, such 
js ounce. Sau) rice, Sugar, and 
salt. 

B GOON aed oseccelemeae do. ose 1 Do. 

C GOONIF=- dole. o2200= sows 2 Do. 


1 These type letters are not those used in the catalogues. 
2 Several other machines of the same general type, with capacities up to 400 pounds, are listed. 
§ Several other similar machines are listed. Machines are made up to 2,400-pound capacity. 
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TaBLE 10.—Claims made by automatic weighing machine manufacturers—Continued. 


Speed. 
Maker! nye . Accurac Capacit Products packed 
No. | “Pe: Packa Devices ; y- PAciey P : 
es per) for regu- 
ho res 
2 lating. 
' Ozs. Lbs 

5 D 600 | Several .| 100 per cent within 5 | Free-flowing materials, such 
ss ounce. aa bone rice, sugar, and 

salt. 

E 600) |S2cdoreess|22 322 GOs San ete 10 Do. 

F GOONS dome n | icke One ease 4 tol0 | Cohesive materials, such as 

; cocoa; will also handle tea. 

G 600 |...do....- INO(Claimaseete ee 1-8 Cocoa. Nota weighing ma- 
chine but sometimes used 
as such. 

6) A 1,200 | None....| 100 per cent within 4 to 23] Free-flowing materials, such 
ys ounce. as coffee, rice, tapioca, Salt, 

and sugar. 

B 1520042 dorsce-|oseee OCG RRR SEE ae eae 1 to 5 j; Ground spices, baking pow- 
der, rolled oats, flour, tea, 
ete. 

7 A SOO=ES100; Ee doses. a lsacl-= Mees Ieee 2 to 1 | Cocoa, baking powder, 

pround spices, tea, cereals, 
| etc. 

B 800-1, 100 |-..do....-|..:.- GORE eae cielcaeis 2 to 1 | Sugar, jelly powder, coffee, 
rice, ete. 

48; A 1,500-1,680 | Some. .-| 75 per cent absolute- 2 to 7 | All free-flowing materials, 
ly accurate; 100 such as Salt, sugar, coffee, 
per cent within farina, cereals, rice, cocoa, 

+s ounce. corn starch, etc. 

B PRO00= Ie S00 2d Ofssee se 2G One sachsen = 2 to 2 

C (PDE C I BaeG Oeeten| sane Cloaaoeaeeoeaess 1-15 








4 Other sizes up to 25-pound capacity are listed. 


The almost unanimous claim of one-sixteenth ounce “accuracy” 
on practically every size of package might seem extravagant. A 
wide range of speed is claimed for individual machines, and in some 
cases devices for regulating it are attached. In the absence of such 
devices, the regulation is made before the machine is set up. These 
machines have two essential parts in common, namely a scale, and 
a device for cutting off or diverting a stream of the product which 
falls on the scale pan. As a rule, the speed of packing is regulated 
by a device which controls the size of thestream. The manufacturers 
of machines seem to have recognized and several have stated that 
the impact of a large stream upon the scale pan is not conducive to 
accuracy. Apparently almost any desired accuracy could be ob-— 
tained if the cross section of the falling stream were made small 
enough. This view would indicate that the manufacturer’s claim 
for accuracy is not necessarily extravagant, provided the proper 
speed is maintained. This speed, however, may not be a practicable 
one. 

EXPERIMENTAL WORK ON MACHINES. 


A number of commercially operated machines were tested in order 
to determine the effect of various factors on accuracy, as well as their 
ability to meet the accuracy of hand weighing. Each machine was 
examined to make sure that it was in good repair. The operator 
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was requested to adjust it carefully by his usual method and pack 
50 packages. His true aim was worked out as carefully as possible, 
eliminating scale errors, his speed of packing taken, and the 50 
packages accurately rewerened: 


TaBLE 11.—Variations in weight of different sizes and of different products packed by 

















machine. 

Average 
deviation 

Make of Declared CRs 

Experiment No. Sarto! Product. weisht. Speed. packages 

average 

weight. 

Pkgs. per 
Ounces, hour. 
SCORES Ree oer Sacer ee SAE cea | 23 PR eDPerees- scene eers = 1, 680 0.049 
RoHS D. Cis tate BBE ea ae uaa HNC e aan 74 Aone QO edhe ico |e eas ee 034 
ESAS Ee ie ey Ss AU Male ee ct ig Seat gn Poe aoe GOs aes eee eee 4 Q) 039 
sy Dae SONG mse Vai a SI 2; (aes doscts 2 ee ee 4 2,118 042 
AN ETAGC 552s en ek a ean 041 
BG 2 ixeee apo RIS rR Ee ances Re it, | BCOCOR Naan ee ere eee 1.6 947 041 
7 Es SRS eR es SEE EE Ny cls ee ae Chalk ects GOS ae ee sil ees StS 032 
Pounds 

SO 2yee seein ak ee a (fal ee ee CoCo een pe 563 2.211 
50) OVA es eRe ee Oe a nS oc ey SN eet (ilssesa Goo eee eee 1 622 2,322 
BASVICTA SO ate cis Feast aN on em eee eee 037 
ER eae ati Pan a RET Er I: a Sal RICe eke aes ee yea i 2, 100 . 047 
SOU Seer ee esac ene aeeee a nemo Si | vee ONGE eee aes 2.5 1, 500 074 
ANVEN ASOT Fuso 5 cs ceie esis eee ree eee 3 047 











1 Speed lost, but slower than 853z. 

2 The container was apparently too small, as a quantity of cocoa was spilled in packing after the proper 
amount had been weighed out by the machine. These results are not included in the average. 

3 Average deviation ‘of 24-pound packages omitted from averages. 


The data taken to show the variation in accuracy due to packing 
different sizes of the same product on the same machine and that due 
to packing different products are given in Table 11. 

With the exception of the two sets of data in which the product was 
carelessly spilled, very little change of average deviation is noted as 
the declared weights increase to 1 pound. Neither is any appreciable 
difference in the averages of the various products noted. The average 
deviations increase in the following order, namely, cocoa, pepper, 
rice. The apparent and claimed difficulties in packing the products 
indicate the reverse order. Numerous ingenious tamping, packing, 
and stirring attachments which were rendering valuable assistance in 
the reduction of average deviations were found in use. These facts 
indicate that the machine manufacturer is successfully meeting the 
difficulties due to the peculiar nature of the various products. 

The data taken to show the effect of speed on accuracy and the 
possibility of meeting the errors of commercial hand weighing by 
machines are given in Table 12. 

Each group represents data taken on a single machine, all condi- 
tions being the same exceptspeed. Each declared weight is 1 pound, 
except in the case of experiments 856x and 856y, where 12-ounce 
packages were taken. Since the machine was reset for each speed, 
the results in column 5 indicate the possible accuracy in setting. 





a 
x 
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TABLE 12.—Effect of speed on accuracy of machines. 




















Fatale 
iation 
es Average ON 
= Make of : Average S ofsingle 
Experiment No. machines weight. | “DUS | packages Speed. Product. 
aim. f 
rom 
average. 
Pkgs. per 
Ozs. Ozs. Oz. Oz. hour. 
3 SAU EE SEE ee Bee 1 16.09 16.21 0.12 0.029 450 | Ground coffee. 
SAO Oe BCE CoS cere eee 1 16.09 16.21 -12 -059 679 Do. 
Des RISE ORO ees 1 16.09 16.09 -00 . 028 783 Do. 
ISH ER oc 0 GA ey See ae a ; .08 . 039 637 
Average deviation from 0 average—aim..................... - 080 
SS SC ade ee ae | 2 16.13 16.12 —.01 076 1,860 | Whole coffee. 
See eyo eats Sistererctjars acl | 2 16.13 16.33 - 20 - 106 2,580 Do. 
INS Reg Ds Se RS nc a Re Oe ote Pe preragm  e ea 10 | .091 2,220 
Average deviation from 0 average—aim...:................- -105 | 
Soap aOES op CEO 3 16.01 15.93 —.08 052 706 Do 
Bosman ae heer 3 16.01 15.98 —.03 045 1,241 Do 
SEAS AOU BO OR COR Ores | 3 16.01 16.02 -01 048 1,274 Do 
SSS See ae ees 3 16.01 15.95 —.06 059 1,440 Do 
erases sete = RS eR ue IRV apa ra Tawi cae ce 
Average deviation from 0 average—aim....................- 045 
Seo ARE OOO eee 6 16.00 16.06 -06 - 063 409 Do. 
Siete eee een cine aint Sere 6 16.00 15.99 —.01 057 818 Do 
ee ters EI 6 16.00 16.00 00 063 1,333 Do 
ANSEF STS See ek EG re a .| .02 .061 853 
Average deviation from 0 average—aim........-..-......... 023 
SSG Normne arses eare ite eee Ct 8 12.15 12.10 —.05 -050 430 | Cocoa. 
S5 OVE sana nese 8 1215 12.13 —.02 121 514 Do. 
PAV CTE peer te ren See a AE EES Ree atl 5 —.03 085 472 


Average deviation from eee Pee iseaer ere eee 035 





The relation of speed to accuracy is shown graphically in Figure 1. 
It will be noted that in every case the accuracy increases as the speed 
decreases. Consequently large variations may be introduced by 
packing too fast, and, conversely, lower speeds tend to produce 
smaller variations. 

Calculations have been made and data collected which show that 
variations of 0.106 ounce on the average of 50 packages and 0.213 
ounce on single 1-pound packages are approximately the limiting 
variations of good commercial practice by hand weighing. Com- 
putations based on the figures in Table 12 show that when the pack- 
ages are packed by the various machines the chances of occurrence 
of variations greater than 0.106 and 0.213 ounce are as given in 
Table 13. 

Since to meet the practical limits of a normal frequency distribu- 
tion the variation must be of such magnitude that the chances thus 
calculated should be at least 1 in 1,000, the figures in Table 13 do not 
indicate that machines weigh as well as hand weighers. All these 
machines, however, were set by the operator’s own method, which 
consisted in testing four or five individual packages. Such a pro- 
cedure is based upon the assumption that each package is very near 
the average, when, as a matter of fact, wide variation occurs, and 
erroneous settings result. A more accurate setting would be obtained 
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in each case if four or five packages were weighed together. The 
average error in determining the true average by the operator’s 
method is the average deviation of single packages, while the aver- 


. Average deviation 
age error by weighing five together is ———2=——__—— 


obtained. 






AccuRACY—- AVERAGE DEVIATION 
FROIG AVERACE WEIGHT. 


FIG. 1. 


RELATION OF SPEED To ACCURACY OF PACKING 
BY MACHINE. 


KEY © MAKE OF MACHINE #/. 
x MAKE OF MACHINE €$Z. 
© MAKE OF MACHINE #3. 
GB MAKE OF MACHINE# E. 
@ MAKE OF MACHINE #8. 


These chances compare more favorably with 1 in 1,000 and indi- 
cate that an appreciable error can be eliminated by a little more 
careful.supervision of the machine. 

While the errors under average conditions of speed and an errone- 
ous method of setting are not as small as might be expected, the 
possibilities for increase in accuracy by reduction of speed and proper 
methods of setting leave little doubt that machines could meet 


the calculated maximum errors of hand weighing without any ap- 
preciable difficulty. 


i . Recaleu- 
lating the chances on this basis, the results shown in Table 14 are 


- wore 


x ws we gt Sime herd: 





WEIGHT VARIATION OF PACKAGE FOODS. 


TABLE 13.—Calculated chance of occurrence of variations of different machines. 


Chance of occurrence of 
variations greater than 
0.106 ounce on _ the 
average weight. 


Make of 
machine. 





COOWhe 
— 
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B 
—" 
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TaBLE 14.—Recalculated chance of occurrence of variations of different machines. 





Chance:of occurrence of 
variations greater than 
0.213 ounce on single 
packages. 


lin 18 
lin 4.5 
lin 83 
lin1ll 
mies 











Chance of occurrence of | Chance of occurrence of 
Make of variations greater than variations greater than 
machine.| 0.106 ounce on _ the 0.213 ounce on single 
average weight. packages. 

1 1in more than 10,000 1 in more than 10,000 

2 lin 24 lin 11 

3 lin 5,000 lin 500 

6 lin 500 lin 83 

8 lin 38 lin 15 





PRACTICAL APPLICATION OF EXPERIMENTAL RESULTS. 


The figures in the last two columns of Tables 5 and 6, ‘‘Calculated 
maximum error on a single package”’ and “Calculated maximum 
error on the average of a representative sample,’ are of practical 
interest to the food official and the food packer. They represent the 
limiting variations in weight given in this bulletin which result from 
the use of the specified good commercial practice. Since in actual 
practice the method of packing can not always be studied carefully, 
the results of check weighings must necessarily be used to determine 
whether or not the method in use is a good one or is accurately 
operated. 

When the variation in the weight of packages of granular, free- 
flowing products, such as coffee, spices, sugar, or rice, from the 
intended weight or aim is greater than the calculated errors 
given in the tables, it can be inferred that the packages were not 
packed by as good a method as that outlined in this bulletin as good 
commercial practice (p. 3). 

For making comparisons, weights should be taken net on 50 freshly 
packed packages and the variations from the aim should be used. 
When food packers desire to check the efficiency of a method of 
packing, factory studies must be made to determine the aim. 
When food officials desire to determine whether short weighing is 
being practiced, the declared weight must necessarily be used as 
the aim, since that is the figure which is being checked. If other 
than freshly packed packages are weighed, allowance must be made 
for shrinkage. 
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SUMMARY. 


1. The following specifications have been selected to represent good 
commercial practice in packaging granular, solid, free-flowing food 
products: 

_ 1. That packages of 5 pounds and below be weighed net; larger packages may 

be weighed gross and tare. - 

2. That the following types of scale be used— 

For packages of 5 pounds and below: Even arm balance, 1-pound beam, 4- 
ounce graduation. 

For packages over 5 and under 25 pounds: Even arm balance, 2-pound 
beam, t-ounce graduation. 

For packages of 25 pounds and above: Platform scale, 50-pound beam, 4- 
pound graduation. 

3. That scales meet the tolerances prescribed in Bureau of Standards Circular 
61 and be used at 20 per cent or more of their capacity for packages of less than 
25 pounds and at 10 per cent or more of their capacity for larger packages. Tare 
weights may be made on the same scale as the gross weights. 

4. That the exact balance be estimated to within one-half of the sensibility 

reciprocal of the scale and the poise be set to within one-fourth of the minimum 
graduation on the beam. 


2. The maximum errors of good commercial practice given in Table 
15 have been calculated by the use of methods of least squares, the 
Bureau of Standards tolerances on scales, and the specifications of 
good commercial practice. 


, 


TaBLE 15.—Calculated maximum errors of good commercial practice. 





For gross and tare 


| For net weighing. weighing 
Size of package. \ On the On the 
: average + la| average 
Onsitek ofarepre- SRS Ee ofarepre- 
Packases.:| sentative | PACS@8°S-| sentative 
sample. sample. 





Ounces. | Ounces. | Ounces. | Ounces. 








2-OUN COR 2. cree = seiner aciere 0.150 Ql09 72 | eaee st aee leceesesace 
S-OUNCE Saat ane sae oe eee - 150 OO72" |): SRE ane Shee 
AQUI CO mei eater me Eee - 150 WS ieeel ieaererse Sen eta seisesec 
S“QUINCE A ae Sees eee nee . 150 O97 A\hete eae | See Sek oe 
1=pound = = pea as ase 213 LOGON ae Bee leceee lowes 
2-POUNG2 22 ae ees so 8 ae eee 360 145: 02 Seen eee eee 
Se POUL Se eee See ee aa 363 TU Fal PRS ty UN ere 
4-DOUN OHNE ea a: See eee oe 409 lees aco oassedisoodccance 
SOLO PHAYO LE See Jt eee sees - 409 20D il orators Sea 
1O=poundiee aa see nae nee -544 | 373 0.674 0.414 
25-POUN CE ree ae see seer 5.41 2.68 7.49 3.34 
HO-POUNGAa ke eee Ue aaa 5.41 2.68 To TS: SOL 
(5-POUN Gees asta ee ee 5.65 2.92 Ueda le ee BY 
100-pound and above...-..... 5.65 2.92 8:29 |. 4293 











3. A study of machine weighing has removed practically all doubts 
of the ability of properly operated machines to meet the calculated 
maximum errors of hand weighing. 

4. Data have been collected which show that the calculated maxi- 
mum errors represent a close approximation to the maximum Varia- 
tions of good commercial practice. 
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